Moxonidine is a selective imidazoline receptor agonist with comparable blood pressure-lowering efficacy to first-line antihypertensives and favorable metabolic effects. YKL-40 (chitinase-3-1-protein) has been proposed as a new marker of inflammation, atherosclerosis and endothelial dysfunction in neoplastic, cardiovascular and metabolic diseases but has not yet been studied in the context of essential hypertension. Fifteen patients (10 M, 5 F; age 48 ± 14 years) with arterial hypertension and insulin resistance (HOMA-IR index 42.77) on at least two antihypertensive drugs were randomized to receive either moxonidine (0.4 mg) or amlodipine (10 mg) for two 8-week periods with a 7-day wash-out. Serum insulin, glucose, C-reactive protein (CRP), lipids, uric acid, YKL-40 and blood pressure were measured and insulin sensitivity was calculated (HOMA) at the beginning and end of each study phase. Mean BP decreased significantly with both moxonidine and amlodipine (À9.8 ± 7.6 and À10.4 ± 7.3 mm Hg, respectively). Serum high-density lipoprotein cholesterol increased with both therapies, but only moxonidine-affected serum triglycerides. No significant changes in serum uric acid, CRP, YKL-40 (2.3 and 3.3 ng ml -1 , respectively) or HOMA index (0.70 ± 2.4 and 0.76 ± 2.8) were observed. There was a strong negative correlation between serum uric acid and YKL-40 concentration at baseline (r¼À0.77, P¼0.01). Serum YKL-40 did not correlate with blood pressure, biochemical parameters or HOMA index. Moxonidine is an effective adjunctive antihypertensive agent for use in patients with hypertension and insulin resistance that induces beneficial effects on serum lipid profile but does not reduce insulin resistance, inflammation or serum YKL-40 concentration.
INTRODUCTION
Moxonidine is a centrally active antihypertensive drug acting as a selective agonist at imidazoline receptor subtype 1. 1,2 Moxonidine decreases sympathetic nervous system activity and thereby induces a hypotensive effect similar to other classes of antihypertensives with equal or even better tolerability profiles. 1 In particular, common side effects of centrally acting antihypertensives such as dizziness and dry mouth are much less frequent after moxonidine. 1 Moreover, imidazoline receptor agonists in contrast to other centrally acting drugs may lack antinatriuretic effects that could limit their blood pressure-lowering efficacy. 3 Furthermore, moxonidine has not been associated with undesirable metabolic effects in hypertension and may even have favorable effects on glucose tolerance and insulin sensitivity. 4 The compound can also improve endothelial dysfunction. 5 It was also postulated that moxonidine may have potent anti-inflammatory properties, most probably secondary to a decrease in sympathetic activity. 6 We compared moxonidine to amlodipine, a channel blocker that is recognized as the first-line antihypertensive drug. Amlodipine selectively inhibits voltage-gated calcium channels in both cardiac muscle and blood vessels and therefore its main effects are derived from vasodilatory and cardiodepressant actions. Amlodipine has frequently been used in cardiovascular clinical trials as a reference agent because of its metabolic neutrality. 7 Very recently, YKL-40 (chitinase-3-like-1-protein) was proposed as a new marker of inflammation, atherosclerosis and endothelial dysfunction in various neoplastic, cardiovascular and metabolic disease states including type I and II diabetes. 8, 9 Interestingly, this new serum marker has not yet been studied in essential arterial hypertension.
YKL-40 is a member of the chitinase protein family that is produced locally by activated macrophages, chondrocytes, synoviocytes and neutrophils. [10] [11] [12] [13] [14] Although the physiological role of YKL-40 is unknown, the pattern of its expression in normal and disease states suggests a function in remodeling or degradation of the extracellular matrix. 13, 14 YKL-40 is increasingly recognized as a marker of inflammation and endothelial dysfunction and it seems to be of pathogenic importance in the low-grade inflammation that may precede the development of cardiovascular disease. 9 This hypothesis was recently verified in clinical settings in patients with coronary artery disease. 15 Two recent studies demonstrated significantly elevated levels of YKL-40 in patients with type II diabetes as well as a positive correlation with insulin resistance and lipid disturbances. 8, 9 This study was carried out to test the possibility that antihypertensive treatment with moxonidine may induce more favorable effects than the dihydropyridine calcium antagonist amlodipine on insulin resistance, serum lipids, uric acid and a new cardiovascular risk marker, YKL-40.
METHODS

Study design
The study was designed as a double blind, placebo-controlled, crossover trial. All patients were randomized to receive either moxonidine (0.4 mg day -1 in a single morning dose) or amlodipine (10 mg day -1 in a morning dose) orally for the first 8 weeks of the study. Then after a 7-day wash-out period patients received amlodipine or moxonidine for another 8 weeks in accordance with a crossover design. Study visits occurred four times during the study, that is, before and at the end of each treatment period. The same investigator performed all visits and measurements during the study. Patient compliance was checked by pill counting at each visit. Both the patients and the investigator remained blinded for the entire study duration. The Local Ethics Committee approved the study protocol. All subjects provided informed consent before any study-related procedures.
Patients
Clinical and biochemical characteristics of the study subjects at baseline are given in Table 1 . The study group comprised 15 patients with diagnosis of arterial hypertension (5 females, 10 males; mean age 48±14 years) who were chronically (for at least the preceding 6 months) treated with at least two different first-line antihypertensive drugs, excluding calcium antagonists and central sympatholytics. Antihypertensive drugs used by the patients at baseline and in consistent doses throughout the entire study comprised angiotensinconverting enzyme inhibitors (11 patients), angiotensin II receptor blockers (seven patients), loop (10 patients) and thiazide (five patients) diuretics, betablockers (13 patients) and a-blockers (four patients). The main inclusion criteria were age 18-75 years, sitting diastolic and systolic blood pressure below 120 and 180 mm Hg, respectively, and insulin resistance (defined as HOMA-IR value 42.77 16 ). Exclusion criteria were clinical or laboratory evidence of secondary hypertension; insulin-treated diabetes mellitus; proteinuria X0.3 g/ 24 h; estimated glomerular filtration rate, simplified MDRD formula, o60 ml min -1 1.73 m -2 ; chronic heart failure (NYHA stage III or IV); liver insufficiency; and previous intolerance to calcium antagonists or imidazoline receptor agonists. Except for study-related medication the doses of all other drugs were unchanged throughout the study.
Blood pressure and heart rate
The office blood pressure (BP) and heart rate were recorded four times, that is, before and at the end of each treatment period, using a mercury sphygmomanometer with the patient in a sitting position after 15 min of rest (three consecutive measurements with 3 min intervals at each visit). The same person measured blood pressure every time. Mean blood pressure was calculated for all measurements as diastolic BP+1/3 of pulse pressure (systolic BPÀdiastolic BP).
Biochemical parameters
For each subject, the following plasma biochemical parameters were obtained at each study visit: insulin, glucose, CRP (C-reactive protein), lipids (total, HDL-and LDL-cholesterol, triglycerides), uric acid and YKL-40. The HOMA index was calculated from fasting plasma glucose and serum insulin according to the standard formula (HOMA-IR¼plasma glucose(mmol l -1 )Âserum insulin/22.5). Body weight and (Body Mass Index) were estimated during each visit.
Serum YKL-40 concentration was measured with enzyme-linked immunosorbent assay using the commercially available test MicroVue YKL-40 (Quidel, San Diego, CA, USA). All other parameters were measured with standard laboratory automated methods.
Statistical analysis
All results are expressed as means±s.d. Statistical significance was defined at Po0.05. The normality of data distribution was checked with the ShapiroWilk test, and non-normally distributed data were logarithmically transformed before analysis. The within-group comparisons were performed using t-test or Wilcoxon's test. The Pearson or Spearman's correlation coefficient was used to assess relations between the variables. Statistical analysis of treatment outcome was carried out using the parametric approach to crossover trials, including the evaluation of potential carryover effects in accordance with recent recommendations. 17 Statistical analysis was performed using Statistica for Windows (version 6.0, StatSoft, Tulsa, OK, USA).
RESULTS
All patients finished the study and no clinically important side effects were observed for either therapy, with the exception of transient mild ankle edema in two patients during treatment with amlodipine.
Blood pressure, heart rate and body mass A significant decrease in systolic, diastolic and mean blood pressure was observed during treatment with both moxonidine and amlodipine. The difference between blood pressure changes during treatment with moxonidine compared with amlodipine was not significant for systolic (À15.8 ± 17.1 vs. À12.3 ± 8.0 mm Hg; P¼0.44), diastolic Figure 1 shows systolic, diastolic and mean blood pressure during the study. Heart rate was unchanged during treatment with moxonidine (76 ± 13 before vs. 80 ± 11 b.p.m. after 8 weeks of treatment) and amlodipine (79±11 vs. 76±12 b.p.m., respectively).
Body weight decreased significantly during treatment with moxonidine (from 84.0 ± 20.6 to 83.1 ± 20.4 kg; P¼0.001). In contrast, body weight significantly increased after the administration of amlodipine (from 83.5±20.4 to 84.3±20.5 kg; P¼0.01). Table 2 shows the effect of moxonidine on serum concentrations of lipids, uric acid and C-reactive protein.
Biochemical parameters
Serum HDL cholesterol increased significantly after treatment with both moxonidine (P¼0.03) and amlodipine (P¼0.02). Serum triglycerides decreased after treatment with moxonidine (P¼0.02), but not amlodipine (P¼0.37). No significant changes in serum total cholesterol or LDL cholesterol were found during the study. The HDL/LDL cholesterol ratio increased by 9.2 ± 11.5% (after moxonidine) and decreased by 3.1 ± 8.9% after amlodipine (P¼0.02). No changes in serum uric acid or serum C-reactive protein were observed.
Serum levels of YKL-40 remained virtually unchanged during both treatments (Figure 2) .
Treatment with both moxonidine and amlodipine did not change serum concentrations of insulin and plasma glucose. The mean change in serum insulin after moxonidine therapy was 0.2 ± 7.4 mU l -1 (P¼0.90); after amlodipine this value was À7.2 ± 3.6 mU l -1 (P¼0.87). The mean change in plasma glucose was 3.4 ± 15.9 (P¼0.42) and 2.9 ± 10.8 mg dl -1 (P¼0.32), respectively.
The HOMA index did not change after treatment with moxonidine (4.5 ± 2.0 vs. 5.2 ± 3.0 before and after treatment, respectively; P¼0.27) or amlodipine (7.1 ± 3.6 vs. 7.9 ± 4.1, respectively; P¼0.32). The mean changes in the HOMA index during treatment with moxonidine and amlodipine were almost identical (0.70 ± 2.4 and 0.76 ± 2.8, respectively). Figure 3 shows individual changes in the HOMA index during both phases of the study.
There was also a strong negative correlation between serum uric acid and YKL-40 concentration assessed at baseline (r¼À0.77, P¼0.01) (Figure 4 ) in comparison to the baseline concentration of uric acid and the change in serum uric acid during treatment with amlodipine (r¼0.74, P¼0.01). Serum YKL-40 did not significantly correlate with blood pressure, any other biochemical parameter or the HOMA index.
DISCUSSION
Moxonidine is a second-line antihypertensive drug affecting the central nervous system that decreases peripheral vascular resistance by blocking sympathetic activity. 1,2 This drug has drawn considerable interest since its introduction in 1992 due to favorable metabolic effects, a profile that contrasts with those of other centrally active sympatholytic agents. 1 The effect of moxonidine and its close relative, rilmenidine, on blood pressure and metabolic profile was assessed in several clinical trials, mostly in subjects with arterial hypertension complicated by various metabolic or endocrine abnormalities (for example, obesity, Effect of moxonidine on serum YKL-40 A Masajtis-Zagajewska et al insulin resistance, diabetes, menopause). [18] [19] [20] [21] [22] [23] [24] [25] Despite the well-proven blood pressure-lowering efficacy of moxonidine and the closely related rilmenidine, the number of trials with head-to-head comparisons to other antihypertensive drugs has been limited. In most clinical trials those agents were used as adjuvant therapy. 18, 26 We have been able to identify only three small studies in which the imidazoline receptor agonist was directly compared with the calcium antagonist. [19] [20] [21] All of these studies included patients with arterial hypertension complicated by either metabolic syndrome or obesity. The choice of patients included in our study was driven by the results of clinical trials which showed that moxonidine is particularly useful in patients with hypertension and insulin resistance. We compared this drug to amlodipine, which is a widely used first-line antihypertensive drug and is recognized by most clinicians as metabolically neutral. 7 The decrease in blood pressure achieved by both drugs in our study was comparable, and therefore it seems that any potential differences in their effects cannot be explained by differences in blood pressurelowering efficacy. One of the potential limitations of our study is low patient number, but this could be partially compensated for by the crossover design of the trial. 17 The mean decrease of both systolic and diastolic blood pressure observed in our study during therapy with both moxonidine and amlodipine was similar to that reported by De Luca et al. 21 De Luca et al. 21 used another imidazoline receptor agonist, rilmenidine, which yielded values only slightly lower than those reported by Sanjuliani et al. 19 This latter study used the same dose of moxonidine, but their subjects had much higher blood pressure at baseline than was observed in our study, which could explain the difference.
The only clear difference in the effects of moxonidine and amlodipine in our study was observed in cases when body weight decreased with the former treatment but increased with the latter. The small but significant increase of body weight in patients on amlodipine in our study could be explained by the development of subclinical edema and fluid retention, which are well-known complications of calcium antagonist use. 27 In contrast, the body weight decrease observed after moxonidine treatment may have resulted from several mechanisms. The first may be a lack of the antinatriuretic response to a drop in blood pressure, which is a phenomenon that we first described in 1995. 3 The other likely explanation is an increase in atrial natriuretic peptide secretion, which was observed after the administration of moxonidine in several experimental studies. 28, 29 Other investigators did not find a significant decrease in body weight during the treatment of hypertensive patients with obesity or obesity and metabolic syndrome with either moxonidine 19 or rilmenidine. 21 However, in both studies there was a trend toward increased body weight during amlodipine therapy and decreased body weight during imidazoline receptor agonist administration.
We were also able to show a decrease in serum triglycerides and an increase in HDL-cholesterol after moxonidine therapy, which is concordant with previous observations. 30 Recent studies suggested that moxonidine inhibits de novo fatty acid synthesis. Activation of imidazoline receptor lowers plasma lipids, with the main site of action likely within the liver, so as to reduce the synthesis and secretion of triglycerides. 31 In contrast to most of the previous studies, we did not observe any changes in the HOMA index. This index is a widely used and simple method to study insulin resistance that shows a good correlation with the gold standard method, the euglycemic clamp technique. 32 Moxonidine has been shown to partially restore glucose tolerance in fructose-fed rats subjected to a glucose load and to normalize insulin levels in this model, 33 as well as in spontaneously hypertensive rats. 34 Further experimental studies provided more evidence of increased sympathetic nervous activity as a common denominator in both hypertension and insulin resistance and also confirmed the beneficial effect of moxonidine on both BP and glucose control. 35 A decrease in insulin resistance was also shown after moxonidine therapy in hypertensive patients with the euglycemic clamp technique. 4 We also observed an improvement in glucose tolerance after oral glucose loading. 19, 36 However, another recent study using both HOMA to study insulin resistance and an oral glucose tolerance test was not able to confirm such beneficial effects (with another imidazoline receptor agonist rilmenidine). 20 It is also of note that the beneficial effect of moxonidine observed in several small clinical studies on insulin resistance has never been confirmed by a large randomized trial.
Derosa et al. 37 carried out a study in 99 patients with type II diabetes mellitus and mild previously untreated hypertension. This study showed a significant decrease from baseline in fasting plasma glucose, fasting plasma insulin, HOMA index and triglycerides, as well as an increase in HDL-C after 6 months of moxonidine (0.4 mg per day). Although our study was shorter in duration, similar changes were observed with regard to hypertension control, serum triglycerides and HDL-C.
To date there have been no studies that investigated either the role of YKL-40 in the pathophysiology of arterial hypertension or an effect of blood pressure lowering medications on serum YKL-40 levels. As previously mentioned, there is a growing body of evidence, mainly from studies carried out in patients with diabetes or coronary artery disease, that YKL-40 is a marker of atherosclerosis, inflammation and endothelial function. 8, 9, 11, 15 We did not find any correlation of blood pressure decrease or change in insulin sensitivity or C-reactive protein with the change in serum YKL-40 after either therapy. We did observe a tight correlation between serum YKL-40 and serum uric acid. Such a relation has not been reported previously and its potential pathogenetic relevance is unknown but a recent renewed interest in serum uric acid as a link between endothelial dysfunction, atherosclerotic vascular disease and the development of hypertension 31 makes it an attractive target for future investigations.
As our study was small, short in duration and limited to a selected population of patients with hypertension and insulin resistance, our results do not preclude a role for serum YKL-40 as a useful biomarker of cardiovascular risk in essential hypertension. This issue will require further study.
We conclude that moxonidine is an effective adjunctive antihypertensive agent for use in patients with essential hypertension and insulin resistance. 25 Moxonidine may induce some beneficial effects with respect to serum lipid profile, but did not reduce insulin resistance or inflammation or affect serum YKL-40 concentration-a new marker of endothelial function, inflammation and atherosclerosis.
